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(54) DIGITAL PLL CIRCUIT 

(57)Abstract: 

PURPOSE: To obtain data subjected to identification 
retiming without an error by sampling input data by an 
N-phase clock, identifying data based on the number of 
edges of data, position and mean value information and 
applying retiming to the identified data. 
CONSTITUTION: A data sampling circuit 3 samples input 
data 101 by clocks 103-1 to 103-N and applies retiming 
(RT) to the data by using a clock 105 extracted by a 
clock selector 7. An edge detection circuit 4 detects the 
number 109 of trailing edges for each period, position 
information 107, and the number of rising edges 110 and 
outputs them. Furthermore, a trailing edge counter 5 
outputs a mean value 104 of the information 107 to the 
selector 7 and the circuit 3 and a data identification RT 
circuit 8 refers to all of the numbers 109, 110 and data 
106. RT object data are judged by the result and the 
circuit 8 applies retiming to the data by using the clock 
105. Thus, output data 112 subjected to identification 
and retiming without any error are outputted. 
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(57) 

mtiMHt, 5 s :*— r-r*ft. 

[Mdc] Nffi* D'^fi^l 0 3- 1-1 0 3 -NIC 

0~1 Oe-N^Sx-^WX^W&gtteSfc&tti 
t5l'> ^aiiaK l 4 tStT** Oiy i?tSm<D¥-*$& 
*i*55iT* t t)x^>7*'>>^5 i, 3i_h*tOXyi?fi: 

S>titf8*»S5*-*&ll8iJU U->yj >iff—9 1 0 6 

- i~i o e-N^&s^-r^^-^^fijwrL, asm 
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1 

tiLmm'A3 6 Og/N (NI42K±ffl!SS) ^Ttl 
ffl-r-S^P^ffltH^St. 

f9EfflUl«^fcJ; D^nsjfiffli' o y ? fcSitg©® 1 
*1£ O v V t. LTKT)@i»Cm 2 tf~fgNffi^ D y i7 t 

©-*>:/>; >^r-^Si^TS 1 *B~SfSNffl-y-> 

sags ^ v ^m<n&m<» ? y ^mu ©s ^ kis o -s fa 

B ffl b T StTAt Oiy S'&Wim fettE ^ n v 9 © 

*a&HuiB 1 s»!»{c^-r-5x^ s?«ai#»t. 

WffiicT** DI7 i>&fi1fS$B©iaS*> "5 Sift S;-?©^ 
WEM^«^.«©^ 1 «~SSN«1t>!/U >9=f-9. 

WB^-^aiR^RoWyiJAtiUBaWoJB 1 1B9 n 
•y * fc <fc 9 »J 5 >9?Z> >J ^-f 5 >i^8i, 

[NF*9i2] imE^-a'jWR^att, latase 1 *b~sb 

IHB&T** D IBS** a&£Xa:±a* 19 fl0c««««A fc-tf p 

**-r t *&tf«iHB3tT**»3<H»flia©*** 1 
jt*»o«*««fl3*«fi«ji«-rt*. fl«B«qs©m« 

&m 1 ihkwtV s> jwp l l bk. 
©#ffi©9y^m*©svMri»o^5«ii±©w^;nc 

J:D, St±**DXy^**#ft-r5ffifflfiB*«tHLTfi: 

0 x» ^ffiBumeme? p » 9 © 1 mmcs* 



(2) «fBB¥8-2 3 7 1 1 7 

2 

is*^ s wtt*Tr<M«%«ttME 1 HHtetcff m-re j: 

Kriaffl^ a y jncMb-m 1 8 0 
aanTi>*ct £#»£-r siran 2 e«©tV 

iO [fflf#>E4] «rtBStT«»0«i«»1lte«ATfi±39«D 
l5»y«ttflS*tS±*«0ttfi««i:U litrESC-h** 

jWE*©^ 5>*;kP L L[h]S8o 
[%W©»M^iHW] 
[0 0 0 1] 

«SS±©?IJffl#SH *»Htt5V5^A'PLLB*fc 

«-T<53tiifi->^5 l A^©S^BCffl^X#JiJ47 f W 
a> 5^;PPLL[ai8&K:iB-r-5 *>©■?*•£>. 

[0 0 0 2] 

[«£*©SW] -«©pll (7i<XnyJF*- 
-f) |HlgSttH2 0IC^-T«^i^-3TV^. 02 013 
f*D<. AAifl 9 0 0 (CfiA^lT'-^^i^^n. 
fiffltfc«ESl 9 0 2C-A*iftt>TH4, ^©ffifflit 

tt«©«iA*fctt, vco m&fflwmmm) 1904 

*>6©5IJgHl*)fi«»«|gl 9 0 5\z*r)ftft2nitmz 
BJiinStlT*3 0, 2^©A*I©&ffiifcK^fft)ns. 

[0003] ^©ttiajtisgisiRttP-/^^^^ 1 9 

30 0 3 ^LTgH»M*^3nTVCO 1 9 0 4^ 

a^m^nmij^ 1 90 l^msnsiac^T 

[0 0 0 4] 

[REjws*i<.k3i-r*3ija] ^©«^«e*©-«sw 

ftlftWKioT, VCO0ftSmfcft*IMflL-r, 

ttfi*»*irtSA-^ hS^f^-^WA^JlrMUT 
S^5 i -3'© , J^-1'S>^ffllSC ajgiJSSOSr^-r^i: 
[0 0 0 5] *5!W©S»», v'z.-y-J 
50 ffiM»lsfc*H*D9*ft«f»frKft»&#K. Ui"f 
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3 

^ D <DU l*«tt5r- 9 £ <fc o \z b tc^J "J 
^;kPLL@»&«RT5i:i:T»*. 
[0 0 0 6] 

tt«#i*3 6 0«/N (Ntt2BU<D»ft) 

^-rfflmm^tcf&CT cn^Nfi^ □ ? 9 ^-wira 

^MfBNffl^ a n y jr fc J: D U >^b 

^tU ^n*» 1 «-8N«^ n y ^ tfiS i tie 

n^^«^«o» i «-»n«*>^u yff-9 & 
mm 2 nfc«HB**p<D» i « * n * 9 t a o ^ ^ w z> 

#ftT 5 ffi tf> ft « t IftU b XiLTffl >>ft H1f « * 

RZSiL±.& D t&W b T4T# 0 «»ti?#R&tf 

QflfttiHRSMG l «»«:4Ut4Xy 3>!fc(H 
^R£, *»BftT*«Dxy5?ffi«flWi©a*^Sa«* 

Tffi*-r*¥*s«*H^R£. «mm-< « z&vm im 

|g 1 ffi* D y * fc<fc d u ^-r ^ >^-r* u *>f ^ >^ 
Rt, ftfrtJCi*4MHibTVi*. 
[0 0 0 7] seic, WiB^-^S^R^ WESiffi 

y ^j8*»*-r*»>^u >y5 f -^©*t«kar-5#R 

[0 0 0 8] 

6 0 K/N^f n^Nffi^ D 7 ^ SMUT 



(3) W8-2 3 7 1 1 7 

J@#|f§ 2 -SSNffi^ D7^t IT -n^m 1 -iNffi^ 
□ 7^l:»«tTiJ->^U >^r-^^t^ft^ 1 ~ 

[0 0 0 9] ^^^SO^l-mNfflx-^^StCl^ 

g'j-r^x-* £»4RbT£*a>sg lmzuyz \z& d 

21 a>3«^- * & U * -f ^ > y b T3f WT £ <fc o \z T 

fffcn* fr~Dmm9uy?hmmtznz>zt\zzzz><, 

[0 0 10] 

it? [0 0 11] Hltt*95W©-*«flfjC!>^Dy^HT» 
0, h«©Sif-^ 1 0 1 teA*«BM £tf*b 

*>7 r U>yiir»3^tt. IfCNi^P7^A*«f2 
-1-2-N (Nte2J£A_hCDlEgc) ^LTNffi^D7 

?io3-i-io3 -N*taup$nT*o» ;m^N 

^D^m H6M©*^«&^t»<, A* 
1 tfz\— i»ftT30Ol^l:fiffl^3 6 0S 

[0 0 12] £©5*— *1t>:/ T J >^[§n»3fck ^fiA 
^ ^7^-^ 1 0 1 SMJUyJ 1 0 3- 1-1 0 3-N 

D y 9 1 0 5 \Z <fc 0 cin^Nffl^^^yu >^ 
m<nmim2uy9h&fcVT&m2t2y2&&rFm& 

n ^ (C^^ lTNi^>^U >^t ? -^^^^^_ 
(D — -J* — » ^ffoTffl* (10 6-1-10 6 
-N) "f m^7l0 6-0«#^ffl1t 

40 [0 0 13] JLyi?&&m&4te^tl^U— '>3> 

9, 4±*Dxy^«kl 1 0, X!Ztt£T4*DX95> 
Oft© ^^-Tx^v&Mtf^l 0 7M«t 

[0 0 14] StT**0Xy>?*^>^5ttXyyffl[B« 

ai 0 7sstttj:©x7^eBiai 0 7^-tat 

5<7 5t)WT^So C©itT^OXy^fi[BW«CD^ffll 
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5 

\Z. 7—#V>7V>>fm?&Z\Z&ttZ>U—'r—~ >3> 

[0 0 15] T-*mW5"( $>>f®&8\*. VUy 
?±U?*7\Z&Z>fflm?Uy? (fiip£&£SglfS^ 
UvZ) 1 0 5fc < fcoT^^*>yU>^lBlK3^^ 
<DNmV>y->7V >tf s r—9 10 6-1 — 10 6 -NCO 

— d^u ^-r ^ yt/vxmt) (i i 2) -rz>bw& 

*Z>&7£tbZ>T£!sb\Z* X y ^/UIhIK 4frt>(D 
SrF*«D«fcl 0 9, 5t±^o<@»l 10&rXN<@^ 
>^U >t?T—J? 1 0 6-1-10 6-N£:£T#Ha 

*i:«oT» U^-r5>^*ti-^#i^<oi^>yu 

[0 0 161 ^ 2 iiS 1 tC^Lrc^-^1^>7 P U >^l«I 

n ^ :/ihib 301-1 — 301- N-^-n^n©^— 

?i:X*a*U 8f A 2 - 1 - A 2 - Ncfc D 

:7|HB3 01-1-301 -Nfttf^U y^Dy:/® 
83 0 2- 1-3 0 2 -N<Dt?Vy?19$^\ZAJ]2n 

[0017] 7 u y?y a y ^isi» 30i-i — 30i 

-N©ffl2jtt, 7 U !V ^7 P v ^ 0B 3 0 2- 1-30 

2-Nco^n^n^js-r^^-^^^, Ni©A^jo 

&&®& 303-1-303 - NOArttfm::— ffiTo 
[0018] 7U , >^7PyyiilK3 0 2-l-302 

nfc«iRM»«w*Tt>o i«ft«RutH**fT5a 

JRtMB 3 0 3 - 0 <Z) A**Tfc, N. 1, 2, 3, • • 
N-lc£jB#TA^3*l<5o 
[0 0 19] l^i%3 03-0 — 303 -N<Dtoi] 

9tB^£-r*yvy7yuy7®i63 04-0-3 0 4 

-N^-^M^fcAl&SttS. 7»J!y^7Dy^B» 
3 0 4-0-3 0 4-N*6«fA5-0-A5-NS 

[0 0 2 0] H3liHlfc^bfcXyyj»aiBIB4<OIaI 

<£>NAND§fta[pJB6 0 1 - 1-6 0 1 -Nfctt, If > 
7 r, J>^T-^Ml 0 6-0-1 0 6- (N-l) 
^>^U >y^— 1 0 6- 1 — 1 0 6 ~N<D 

*3a««&s«L/fc%>©*«A*sns. 

[0 0 2 1] Jgzl<DNAND|&Jii[a]B6 0 2- 1-6 0 
2 -Nfcte, 1t>yU>^-^<B^l 0 6-0-1 0 



(4) ^8-2 3 7 1 1 7 

6- (N-l) ©»a««SK(EUfct)Ot> if>y»J 
>jf7*_^ftJ91 0 6- 1-1 0 6-N3^A*Stl*. 
[0 0 2 2] ^— <DNAND||31lpIgS6 0 1-1 — 60 
1 -N<Dttii3\t. ft*Mt»6 0 3 £iraHS6 0 5 KA# 
£*l<5o £§=<Z>NANDg&3®HlB6 0 2- 1-6 0 2- 

NotHAtt, anime o 6 fcxasn*. 

[0 0 2 3] ft<HbS6 0 3tlt 4W0Xy^4W 
«*T^ftB ( "0" ^ftfit^D, *©*M»t?* 
*) *«F»teU 4TMxyy«WWI«10 7« 

[0 0 2 4] JD#3§6 0 5TI1 4T3^0XyS;fl!)fi* 
( "0" OflSO M9>hU ftT««0xys;«»i» 
0 9£ffl;ftT£o JnJS8g6 0 6TH ft«±# 
0X^7©« ( "0" <Dm&) **«»hU Ur&± 
^0xy5?«kt8«^i 1 OfcHttrT*. 
[0025] 04iigii:^ifc4T#t)x^i;*')> 

T, 1 «kl9A*$nfeXy^ffiH««g^H m 

ft<D 1 <OifeJiaW*ff ^m»0 im*ftW«7 0 1 iCA 

[0 0 2 6] iatfifiB7 0 2H mi L B2&K>AJ3Znrz 
aiB^Dy^BW^ny^«tLTA*U iraHS 
7 0 3#6(Dl«ni^OWitllttU ra^HAIM 
K7 0 4^&jl?Z>b<D7?$>2> a HDJHB7 0 3T«, m 

»<oi«*«»«7o ifrs®*jHR)ntjt&. tans 

7 0 2»6ottA^ojMIWI|[*frV^ »jEb&^« 
£te«gB7 0 2fctB**fr3. 
[0 0 2 7] B3»HA0B7 0 Stt!K7 0 2*^ 

[0 0 2 8] HS^HUC^b^-^SlSiJU^-f S> 
^IiiB8<z>lilB«ld6©«BS*b)tt)©T?*-&. 05 1: 
*tr>T, ffiTD 3 - 0 -D 3 - N<k 0 A*$n^>^ 
U>yr-*Wlt W*Wt»8 0 2fcA*S*U 
D 3 - 1 -D 3 -N<fc 0 A**nfcU->yU lsif<r—9 

<H£aiRbm*£fj ^sw©B8 o i fcAaana. 

[0 0 2 9] «F*Mb«8 0 ^r>^}>if : f—9 

[0 0 3 0] 3«G>A*<D**&^*l««*^Tfe 
cDlH^S«bm^^tfa^«(HlB8 0 4HH 
§g8 0 2^60f-*0in©Xy^ttB*«fff#ft 
W*<h, s (lK±N«T<Dffl» i:, t (1BLLNH 

[0 0 3 1] S«(h3B8 0 4TH 58TOUDA^ 

5 n«i A Ji*« 0x^ 3?MfcMF m4«WMIM?lC A 

5^ »s*u ftT&K>xyi?<Dfr&imom\z\zs&mifim 
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(5) 

7 

[0 0 3 2] MRm& 8 0 1 T?ttU i^>yj >>f*r—* 

0 4os«m^m^t^-rtj">^ 

U>^-*£S#Lffl;?rr*o IKHIK8 0 l*S© 

[0 0 3 3] #D^-feP^7H STF**^*^^ 
*10 4$Mifflli^<i:LT, Nffl^ny^f^lO 
3-1 — 10 3-N<7)ff 3 ^^fflffl^n ! y^m-^l 05$ 

[0 0 3 4] fr\Z. *^*>t/^<Y-h&m^T, Nffl 
ZUytrm^ZZttZUyZmn (N = 8) £U m# 
<£> 1 fi<^ttttS& 7 0 1 £ 4 1 mfrttttW (m= 4 ) 

mz-D^Twrn?*. 20 

[0 0 3 5] 06(Jf-^AM^lOlt, 8ffi^D 
y^m^l 0 3-1-10 3-8^A*t^©»ai^ 

ay?mm o 5Mr;tci^>yu>^— ^m^i o 6 

-0-106-8 (DMZmWZH^TvkVrz?^ ^ >? 

[0 0 3 6] ^T/^Xy^^Mfi^ 1 0 4**§!*E 
"3" CDi§£\ T^^A^SM^-^COX^^ (1/^ 

?®&3 o i ^3 o 2\z^r>. mmjjftiz8m?ny? 30 

0 3 - 1-1 0 3-8-T?2^»3^it>"7 p U>^R 

1 0 4(D^m ( "3" ) KckO 3ffl@^Dy^ 10 3 
-3^s*co^l|B^D^^<i:$n, £<£>S2p<£>Sglffl 
^0^£Sfc:giR[HlS&3 0 3 - 0-3 0 3-8tStl 

«^ 1 0 3 - 3 T-9*>^U >^^nfct>CD^S* ( 1 <D 
&B) {C UTHlC 2 , 3, 4, 5, 6, 7, 8, 1, 2 

40 

[0 0 3 7] -tttSSttffl^ny* 1 0 5 (K*Pco|gl 
fS^D>^103-3) T^U^y^n-/^lHlK3 0 4 

0-1 06-8<h^o ^£>*S*> ttffi^n^ir-C** 
ZUyZmm 0 3-3Tit>^U>^nfc^O^ 
S2pT»^^>yU>^-^ 10 6-1 t&oatfjs 

[0 0 3 8] H7fcJ*>:/U>^-*«-^l 0 6-0 
-1 0 6-8iWDy^ 1 0 5rt*A*L#:BS(D> X 50 



$#H^8-2 3 7 1 1 7 

[0 0 3 9] Sf5— <Z>NAND|&3g[nIj&6 0 1 £T 
««0XyS?©#«E'r«ttBK«W' "0" ftttfttatU 

nan»* "i" #fflrt£n<5o mxoNANDmmm* 

6 0 2TH fi±#DX?/^0#«Et5ttlilC]Stt 
[0 0 4 0] «F-^fl:»6 0 3tt, I-^NANDiSlal 

86 0 iota* H o M <Dfrm mmm **au »^ 

^bO^Ji^^-ro B8T "X" fck "0" Tfe "1" T 
WttoaHDon* t care&ilT^. fff 
ftffl^Jl 0 7143 If y bmfskhZtU ffiStt^tT 

[0 0 4 1] JnSt^g 6 0 5 RtXJngtgi 6 0 611 ^— CO 
NANDli3llHlK6 0 iatf»-0>NAND»a[IilBS6 
0 2CE>m*O "0" OMMIUU ttJHMUfcfrdfc 

[0 0 4 2] H9BftTflSDXyi?ttmmB91 0 7 
tmm&Uy? 1 0 5£A*UfclRO, itT^DX^v 

#>>>^ 5 <Dg5S^l:^^r^lfe^< ^ 

hT*5o A*$nfciWDXy y'fiBSaSf 1 0 
7H 1/4 S^tttt£& 7 0 1 ICT 4 #CD 1 CDm^^tt 
#3*1, «B««7 0 2*t3»»bT^fcltlt*"C© (1« 

«teBfcm*w+^$nfe^T^ox^^teB(o^«[ 

0 4 Cl<0ttSB3«EAU«:t><0*«m*$n* a 
[0 0 4 3] Xy^*UMfe«t»*«l/4«*ft»LT 

* P L L IMBR^JKTS J; -5 KT3£:g)T*3o 
[0 0 4 4] H 5 \Z7KLrcT-?mWV) ^ 

&&mtVfcV>7^) >>/?-*\zte^~c. jiTT&tox 

Stlfc«6 (Dl, D2) = (1, 0) 010 
(C) (DTfcWM (TUt-^OIW) <7)S^T* 
D* s ("4") n, WDXy>?©¥^t 

1 8 o*(in&*>^u>y5r--^^ffl»sn*c. 
tt^So mmmiftzuy&frz (3 6o 

S/8) x4=180SWcS4ffl^D^^l:fflSt 
[0 0 4 5] 1^>7 P U >^^-^^43^T, SL±^DX 
$n^»^fCtt, (Dl, D2) = (0, 1) , bio 

(o <D±m<Dm<D®&x$>r) % t ("4") wmiRz 

n, 4TWDXy>?©Wt^& 1 8 0^nfcit>7 P 
[0 0 4 6] it>yj>^-^(C^^T, X-/^fflft 

mmmm^ *> at^ dx^ 1 <@ ts^^ oxy 
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9 

10 (B) ff^fc»8 0 2fc<kt)«*l©5r 

[0 0 4 7] D->?v x.yi?m*timm 

*#6. iy^*^ifHi*nft*6 (010 (A) 

tt, s ( "4" ) ^IK^n (tTUW , *>^u 
>^5 2 -^<0ifC0aAr**a Wl 8 OflO fcffiSTfcfe 
©j&ttfWjSn* £ £ left:** 
[0 0 4 8] s, t S*lC4KK)tbTXy^5 1 8 

o mmnrz i Tco+w:fflst^fi^>^u 

T*ntf, s = t = 4tl/T'bfiW, flHS^ 

[0049] m±(ommz^^. *fc5 ff -^»»jKoo 

[0 0 5 0] 011 \tt&W<D&^<D$Zt&W<D7 D y ^ 
0-C&O> 1 1 iH»i»BBHWfct«LTV^ ( 

H10!>X!y^«kmiiI»4lC*^TA±39«OX 
y^«fflfl[«**t-SC±)^0Xy^ffi«fll«l 0 84« 
fflO«f^ft»6 0 4 (012) 

£(0&±a*DXy^fcB1f«l 0 8®¥*M£9 

[0 0 5 1] 013ttill I3bfci±^ 0 X ^ 

iipx*an&xy^ttiMWi«-^tt, ttisi o o 

10D««Sfg^«TI-A*$n^. Gttffil 0 0 3H 
^tLTA^U iDlHgl 0 0 4*&®ttIIOTfftJR4> 

ttliettttU ra^HAIiiKi o o s^uwrrs 

<£><5o 

[0 0 5 2] MJNB1 0 0 ITU #FC1±0A*4 

*3lV*fc*JM6*ftm#© 1 S^fttfffl 1 0 0 2 tern* 
t^o m#<D 1 a*f*tt« 1 0 0 2TH m»® 1 tf>£* 

IWWtffv^ ^St^Sie^^ANDiiaiHlKi 0 0 6 

fctH*-T*. AND»lB»1 0 0 6-«t ffl^C3£ 

0 a» s nfc x y wmm&m»o i m&mm 

1 0 0 2©AJW«MS*3j«A»an, ANDSIfe*^ 

auvs 1004 fctij *-r<&. 

[0 0 5 3] mnmi oo4th m&<Dim&m?m 
i o o 2fr$a>4mnmmmt* rami 003*5© 



(6) W8-2 3 7 1 1 7 

0 3 \zmt}*ftOo egfeHAHSSi 0 0 5»a, Etefisi 

0 0 3*5©ffl****fcPg»HAbTXy^T*S*« 
^1 1 1 tLT)ffl?C4$jgTa*SrfT'5t>OTafe^o 

[0 0 5 4] HI 41*01 lfc«Ufc^MKWU*-f 
^>^[Bl^8OIilK*^(0«E^^bfc ) bO7?^0> 0 

§§8 0 6fcTtflD«ift±}^0X!y^ttmiWB«>^« 
111 (D6) ££iHj(U (Dl, D2) = (0, 
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